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James Webb Space Telescope (JWST)
“Webb’s infrared-detecting gaze will penetrate clouds of dust within our own galaxy to 

reveal previously hidden secrets, and reach back in space and time to view the very 
edge of the cosmos.”

• Near Infrared Camera (NIRCam, PI: M. Rieke)
• 0.6 – 5.0 μm

• Near Infrared Imager and Slitless Spectrograph (NIRISS, PI: R. Doyon)
• 0.6 – 5.0 μm

• Near Infrared Spectrograph (NIRSpec, PI: P. Jakobsen, Project Scientist: P. Ferruit)
• 0.6 – 5.3 μm

• Mid Infrared Instrument (MIRI, European PI: G. Wright, Instrument Scientist: A. 
Glass, Science Team Lead: G. Rieke, JPL Instrument Scientist: M. Ressler)
• 4.9 – 28.8 μm



4 instruments à 18 observing modes
• Standard imaging & slit spectroscopy
• High contrast imaging: detect faint companion objects near bright host
• Wide field slitless (“grism”) spectroscopy: dispersed spectrum of every object in 

field of view
• Multi-object spectroscopy: simultaneous spectroscopy of known sources in FoV
• Integral field unit spectroscopy: spatially resolved 2D spectra
• Time series observations: long, stable observations optimized for exoplanet 

transits
• Imaging: detect secondary eclipses, assess planet/star flux
• Spectroscopy: characterize exoplanet atmospheres



Comparison of JWST Instrument Capabilities: Imaging



Imaging: NIRCam (0.6 – 5.0 µm) 



Imaging: NIRCam



Imaging: NIRCam

• Standard imaging: dithering required
• fill gaps, mitigate flat field uncertainties, better sample PSF to improve resolution

• Time Series Observations: dithering not permitted
è Stability essential for science return



• coordinated parallel to NIRCam imaging in Cycle 1
• 2.2’ x 2.2’ FoV

Imaging: NIRISS (0.8 – 5.0 µm) 

NIRISS Filters



Imaging: MIRI (5.6 – 25.5 µm)



High Contrast Imaging: MIRI Coronagraphy

Wavelength coverage: 10 – 23 μm

• 4 coronagraphic masks
• Lyot coronagraph (IWA* ~ 2.16” @ 23 μm)
• great contrast outside occulting spot à extended 

objects (debris disk outer regions, AGN ionization 
cones)

• 4-quadrant phase mask (IWA ~ 0.34” – 0.49” @ 10-16 μm)
• optimized for smaller separations (e.g., exoplanets, 

inner regions of debris disks) 

*IWA: inner working angle
• smallest angular separation between host & companion 

that is detectable



High Contrast Imaging: NIRCam Coronagraphy

Wavelength coverage: 2 – 5 μm

IWAs



High Contrast Imaging: NIRISS Aperture Masking Interferometry

Wavelength coverage: 2.8 – 4.8 μm

• resolve separations 70 – 400 mas for 
contrast ratios of ~10-4

• See D. Thatte’s poster Jan 7; 372.12

Non-Redundant Mask



High Contrast Imaging: NIRISS Aperture Masking Interferometry

Wavelength coverage: 2.8 – 4.8 μm

• resolve separations 70 – 400 mas for 
contrast ratios of ~10-4

• See D. Thatte’s poster Jan 7; 372.12



Comparison of JWST Instrument Capabilities: Spectroscopy



Slit Spectroscopy: NIRSpec (0.6 – 5.3 µm)

redundancy

time series obs



Slit Spectroscopy: NIRSpec (0.6 – 5.3 µm)



Slit Spectroscopy: MIRI (Low Resolution Spectroscopy Mode)

Wavelength coverage: 5 - 12 μm
Resolution: ~40 (5 μm) – 160 (10 μm)

MIRI LRS slit spectroscopy



Wide Field Slitless Spectroscopy: NIR Only

NIRISS: 0.8 – 2.2 μm
Resolution: ~150

See S. Ravindranath’s poster Jan 7; 372.11

NIRCam: 2.4 – 5 μm
Resolution: ~1600



Multi-Object Spectroscopy: NIRSpec (0.6 – 5.3 µm)

Micro-shutter assembly (MSA)



Multi-Object Spectroscopy: NIRSpec (0.6 – 5.3 µm)

• Input catalog needs high astrometric accuracy (5 – 10 mas) from Hubble
• NIRCam pre-imaging may be required

• NIRSpec MSA Planning Tool (MPT) w/in Astronomer’s Proposal Tool (APT) to plan 
observations

• Resolution: ~100 – 2700



Integral Field Unit Spectroscopy: NIRSpec (0.6 – 5.3 µm)

3” x 3” FOV split into 30 slices à 0.1” x 0.1” spatial element



Integral Field Unit Spectroscopy: MIRI (4.9 – 28.3 µm)
Medium Resolution Spectroscopy (MRS)

# of slices



Integral Field Unit Spectroscopy: MIRI (4.9 – 28.3 µm)
Medium Resolution Spectroscopy (MRS)

4.88 –
7.52 μm

7.48 –
11.75 μm

11.52 –
18.08 μm

17.65 –
28.34 μm

~1/3 of 𝜆 range in channel can be observed in 1 exposure (short, medium, long)



Integral Field Unit Spectroscopy: MIRI (4.9 – 28.3 µm)
Medium Resolution Spectroscopy (MRS): resolution ~3000 (5 μm) – 1500 (28 μm)



Time Series Observations: NIR Spectroscopy

NIRISS Single Object Slitless Spectroscopy (SOSS)
• 0.6 – 2.8 μm
• Resolution: ~700

NIRCam Grism Time Series Observations
• 2.4 – 5.0 μm
• Resolution: ~1600

NIRSpec Bright Object Time Series (BOTS) Spectroscopy 
• 0.6 – 5.3 μm
• Resolution: ~100 - 2700



Time Series Observations: MIRI Spectroscopy

Low Resolution Spectroscopy (LRS)
• 5 – 12 μm
• Slitless mode only
• Resolution: ~40 (5 μm) – 160 (10 μm)

Medium Resolution Spectroscopy (MRS) 
• 4.9 – 28.3 μm
• Resolution: ~3000 (5 μm) – 1500 (28 μm)
• No dithering (unlike typical IFU exposures)



JDox
https://jwst-docs.stsci.edu



Methods articles summarize instrument capabilities



Methods - WFSS example



Roadmaps! WFSS example



Example Science Programs available as guides



4 instruments à 18 observing modes*
• JDox (https://jwst-docs.stsci.edu) is your resource for all your JWST 

instrument capability needs
• JWST Proposing Open House Part 1: Integral Field Unit Observing

• Jan 5th 9:30 – 11:30 AM

• JWST Proposing Open House Part 2: Grism Observing
• Jan 6th 9:30 – 11:30 AM

• JWST Proposing Open House Part 3: NIRSpec Micro-shutter Array
• Jan 7th 9:30 – 11:30 AM

• Jan 7th poster presentations: 372.11 (Ravindranath et al.), 372.12 
(Thatte et al.)

*Standard imaging & slit spectroscopy; high contrast imaging; wide field slitless
(“grism”) spectroscopy; multi-object spectroscopy; integral field unit spectroscopy; 
time series observations (imaging & spectroscopy)

https://jwst-docs.stsci.edu/
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